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Sunday, March 6, 2011 111aand K104E was slightly decreased (1.3 fold and 1.4-fold increase in Kd, respec-
tively). Fluorescence and light scattering measurements monitoring the binding
of WT or mutant-myosin to pyrene-labeled actin demonstrated a very strong
binding with no mutant dependent changes in Kd. These results suggest that
any structural changes that may be caused by these two FHC-RLC mutations
are not sufficient to affect the myosin-actin binding. Supported by NIH-
HL071778 (DSC).
601-Pos Board B401
The HCM-Linked Ala13thr Mutation in the Cardiac Myosin Regulatory
Light Chain Increases Isometric Force Production
Katarzyna Kazmierczak, Priya Muthu, Wenrui Huang, Ana Rojas,
Michelle Jones, Yingcai Wang, Danuta Szczesna-Cordary.
The myosin regulatory light chain (RLC) is attached to the a-helical neck re-
gion of the myosin head, the so called lever arm, which connects the catalytic
and actin binding domains with the thick filament backbone thus participating
in the transmission of external forces to the myosin active site. It is understand-
able that mutations in the RLC associated with hypertrophic cardiomyopathy
(HCM)may lead to alterations in force generation affecting cardiac muscle per-
formance. Here, we studied the physiological consequences of an Alanine to
Threonine (A13T) mutation in the N-domain of myosin RLC, found in popula-
tion studies to cause HCM with a specific disease phenotype characterized by
mid-ventricular obstruction. We observed an A13T-induced 30-50% increase
in maximal force measured in skinned cardiac muscle fibers from transgenic
Tg-A13T mice compared to control, Tg-WT and non-Tg littermates. Further-
more, a mutation-mediated 1.3-fold decrease in Vmax and a 1.5-fold increase
in Km were observed in the actin-activated myosin ATPase activity compared
with myosin from the healthy controls. The binding of Tg-myosin to pyrene-ac-
tin was similar for all groups of mice. No changes in the maximal myofibrillar
ATPase or in the Ca2þ-sensitivity were noted. The same was true for the force-
pCa relationship and the mutation did not introduce any alterations in the Ca2þ-
sensitivity of force development. Gross morphological evaluation revealed
enlarged inter-ventricular septa and left ventricles in the hearts from Tg-
A13T mice, a phenotype observed in patients harboring the A13T mutation.
Our results indicate that the A13T mutation may result in a hypertrophic re-
sponse through abnormally increased force that may exceed the tolerance of
a healthy myocardium. A decreased rate of cross-bridge turnover further dem-
onstrates inadequate energy generation in Tg-A13T mice adding to impaired
sarcomeric function. Supported by NIH-HL071778 (DSC).
602-Pos Board B402
Role of the Tail in the Regulated State of Myosin 2
HyunSuk Jung, Neil Billington, Kavitha Thirumurugan, Bridget Salzameda,
Hitesh Patel, Christine R Cremo, Joseph M Chalovich, Peter D Chantler,
Peter J Knight.
Myosin 2 from vertebrate smooth muscle and non-muscle sources is in equilib-
rium between compact, inactive monomers and thick filaments under physio-
logical conditions, provided its regulatory light chains (RLCs) are not
phosphorylated. In the inactive monomer, not only are the two heads compactly
packed together, but the long tail is folded into three closely-packed segments
that are associated chiefly with one of the heads. The molecular basis of the
folding of the tail remains unexplained. Here, we show that compact monomers
of smooth muscle myosin 2 have the same structure in both the native state and
following cross-linking between Cys108 on the RLC and segment 3 of the tail.
Non-specific cross-linking of the folded monomer by glutaraldehyde does not
affect the compact conformation, and stabilises it against unfolding at high
ionic strength. Sequence comparisons among both the RLCs and segment 3
of the tail suggest that folding of the tail is stabilised by ionic interactions be-
tween the N-terminal sequence of the RLC and the tail, and that phosphoryla-
tion of the RLC could upset these interactions. Close packing of the three tail
segments may use the same ionic interactions between segments that stabilise
interactions between extended tails in thick filaments. Our results support the
view that interactions between the heads and the distal tail perform a critical
role in reducing basal ATPase activity of myosin 2 molecules in compact
monomers.
603-Pos Board B403
Two Mechanisms For Increasing Muscle Calcium Sensitivity by ROS
Sean M. Gross, Steven L. Lehman.
Cardiac muscle is sensitive to reactive oxygen species (ROS). Most measure-
ments of calcium sensitivity following ROS exposure have shown a decrease,
but others have measured no change or even an increase. One difference be-
tween studies was the activation state when ROS was applied. We therefore
sought to characterize ROS-induced changes in myofilament proteins and their
functional effects under different conditions of [Ca] and [ATP]. First, weidentified all reactive cysteines in myofilament proteins by exposing myofibrils
to a fluorescent maleimide probe under varying calcium concentrations, fol-
lowed by SDS-PAGE. Only cysteines in troponin C had reactivity modulated
by [Ca]. To find functional effects, we measured myofibril ATPase after
exposure to 100uM DTDP in solutions at pCa 4.0 or 9.0. Ca sensitivity in-
creased only when DTDP had been added at pCa 4.0. Next, we compared
the reactivity of cysteines in myofibrils exposed to DTDP under rigor or relax-
ing conditions. Rigor conditions decreased reactivity of myosin cysteines but
increased reactivity of actin cysteines, compared to relaxing conditions. We
then measured ATPase rates in myofibrils exposed to DTDP under rigor or re-
laxing solutions. Exposure to DTDP in relaxing solution decreased both the
maximum ATPase rate and the calcium sensitivity compared to myofibrils
not exposed to DTDP (control). In contrast, when DTDP was exposed in rigor
solution the minimum ATPase rate was increased from control, and there was
an increase in calcium sensitivity. In conclusion, we found two activation
dependent mechanisms to increase calcium sensitivity: the first calcium-depen-
dent and specific to troponin C, the second dependent on whether myosin was
bound to actin.
604-Pos Board B404
Cardiac Sarcomeric Proteins Reveal Differential Susceptibilities to Oxida-
tive-Stress
Laura Harvey, Amelia Sumandea, Gail Sievert, Marius P. Sumandea.
Many models of oxidative stress lead to heart failure syndromes that are not as-
sociated with changes in Ca2þ-homeostasis, and are likely attributable to
oxidative stress-dependent modifications of sarcomeric proteins. Yet, the pos-
sible sarcomeric targets and specific modifications are poorly understood. In the
present study, we evaluate whether cardiac sarcomeric proteins manifest differ-
ent sensitivities to metal (iron) catalyzed oxidative stress. Exposure of rat my-
ocytes to H2O2 lead to the production of: i) myofilament-protein aggregates
resistant to reducing (DTT) and denaturing (urea/thiourea) conditions; and ii)
myofilament breakdown, even in the presence of cell permeable protease inhib-
itors. Pre-incubation of myocytes with cell-permeable metal chelators (like des-
feroxamine) completely abolished myofilament breakdown and aggregation.
Similar myofilament-protein aggregates were detected in failing rat and human
myocardium. Isolated rat ventricular myofibrils exposed to H2O2 and iron
(Fe2þ) closely recapitulate cellular results. Dose dependent experiments reveal
that most sarcomeric phosphoproteins undergo dephosphorylation and break-
down at lower oxidative stress levels compared with non-phosphoproteins.
605-Pos Board B405
Expression of Slow Tropomyosin (TM-) in Fast Fibers of Extraocular
Muscles
Peter J. Reiser, Sabahttin Bicer.
We previously reported marked differences in the myosin heavy and light chain
(MHC and MLC) isoform composition of fast and slow fibers between the
global and orbital layers of domestic dog extraocular muscles (EOM) (Bicer &
Reiser, Invest. Ophthalmol. Vis. Sci. 45:138-143, 2004 and 50:157-167, 2009).
In addition, many dog extraocular fibers, especially from the muscle orbital
layer, have MHC and MLC isoform patterns that are distinct from those in
limb skeletal muscles. The results of these studies also suggested possible
differences in the tropomyosin (TM) isoform composition of fast fibers be-
tween the two EOM layers, based upon gel electrophoretic mobility patterns.
The objective of this study was to determine whether differences in TM isoform
expression exist between fast global and fast orbital fibers in dog EOMs. TM
isoforms in global and orbital single fibers were identified by SDS-PAGE
and immunoblotting. Fast and slow fibers in the global layer express fast
TM-a and slow TM-g, respectively, plus TM-b, identical to fast and slow fibers
in limb muscles. Slow orbital fibers express TM-b and TM-g, as expected. Fast
orbital fibers, on the other hand, have an unusual pattern of TM-g, along with
TM-b and TM-a. The same TM isoform expression patterns were found in
Sprague Dawley rat EOM fibers. Co-expression of all three TM isoforms
was not observed in single fibers in limb muscles of either species. These results
contribute to the understanding of the elaborate diversity in contractile protein
isoform expression among mammalian EOM fibers. Supported by the National
Science Foundation.
606-Pos Board B406
Actin Binding Sites of Tropomyosin: An Evolutionary Structural Bioinfor-
matics Analysis
Bipasha Barua, Sarah E. Hitchcock-DeGregori.
Tropomyosin (Tm) is a two-chained, a-helical coiled coil protein that associ-
ates end-to-end to form a continuous strand along actin filaments and regulates
the functions and stability of actin. Mutations in Tm cause skeletal and cardiac
muscle myopathies. We carried out a phylogenetic analysis of tropomyosin to
112a Sunday, March 6, 2011identify its conserved residues and mutagenesis to elucidate their importance
for binding actin. Actin is a highly conserved protein and our hypothesis is
that the seven quasi-equivalent periodic actin binding sites of Tm have been
conserved to retain actin-binding and other conserved functions. We have pre-
viously reported the phylogenetic analysis of Tm and subsequent mutagenesis
studies where highly conserved residues at b, c, or f surface positions of the hep-
tad repeat within periods 2-6 were mutated to Ala. Each mutant has 3-4 muta-
tions within the 1st half or the 2nd half of each period. Actin binding was
measured by co-sedimentation assays and differential scanning calorimetry
(DSC) of Tm in the presence of actin. Mutations in the 1st half of periods 2,
4 and 5 resulted in the largest reduction in actin affinity (>4x), indicating
that these mutations include residues in actin binding sites. To further charac-
terize the requirements for actin binding, we introduced single Ala mutations at
a conserved motif of basic residues in the 1st half of periods 2-5. Single site mu-
tants account for about half of the loss of affinity of the mutants with 3-4 Ala
mutations. The results infer that this conserved motif of basic residues is in-
volved in actin binding. The other residues that were mutated in the 1st half
of the periods consisted mostly of acidic residues, suggesting that they are
less important for actin affinity. Supported by Muscular Dystrophy Association.
607-Pos Board B407
Effects of a Disulfide Crosslink (XL) on the Trypsin Cleavage Pattern of
Rabbit Cardiac Tropomyosin (TM)
David Yampolsky, John P. Sumida, Sherwin S. Lehrer.
A specific tryptic cleavage site at R133 with a subsequent site at R182 in Tm
(1-284) was identified by Pato, et al, 1981. Ueno reported (1984) that a disulfide
XL at C190 increased the rate of cleavage at higher temperatures (35o-40o).
Here we redetermined the affect of the XL on the cleavage pattern at 26o, where
Tm is>95% helical, and at 40o, where the middle region of Tm is unfolded.We
used SDS-gels, N-terminal sequencing, and MALDI, to identify the products of
cleavage. We found that the rate of Tm cleavage at R133 was unaffected by the
crosslink at 26oC, but was slightly increased at 40oC. XL cleavage intermedi-
ates containing one cleaved and one uncleaved chain were observed. At 26o,
cleavage of XL Tm at R133 produced a 51K XL heterodimer, (134-284/1-
284), and a 35K XL homodimer, (134-284)2. At longer times, a second cleav-
age site at R168, produced a smaller 27K XL homodimer (169-284)2. At 40
o,
The XL increased the cleavage rate at K168 to produce a 47K XL heterodimer
(169-284/1-284) and the 51K XL heterodimer. A shorter 31K XL heterodimer,
(169-284/134-284) was also produced. The homodimer, (169-284)2 was also
present early . The 35K homodimer seen at 26o was not produced. This study
detected cleavage intermediates that could not be seen for uncrosslinked Tm. A
new cleavage at K168 was seen which dominated at 40o. Cleavage at R183 af-
ter the initial cleavage at R133, (Pato et al, 1981), was not observed. This shows
that: 1) both chains are not cleaved simultaneously; 2) locally unstable regions
near R133 and R168 exhibit increased flexibility especially at physiological
temperatures. Supported by NIH HL 22461-29 and an ARRA student summer
grant. to D.Y.
608-Pos Board B408
Conformational Dynamics of the Regulatory Domain of Troponin C
Sarah Learman, Stephanie Marlin, Zenon Grabarek.
In striated muscles contraction is regulated by the F-actin filament associated
troponin-tropomyosin complex. Ca2þ-binding to the N-terminal domain of tro-
ponin C (TnC) causes opening of that domain and exposure of the binding site
for troponin I. To estimate the rate of this transition we have used a mutant of
sTnC (TnC48/82) having Cys residues substituted for Gln48 in the B/C linker
and Gln82 in helix D. These Cys residues are 4.4 A˚ and 14.3 A˚ apart (Cb dis-
tance) in the closed and open domain conformation, respectively. Thus, they
can readily form an intramolecular disulfide bond in the apo, but not in the
Ca2þ-bound state. We have evaluated the rates and the products of sTnC48/
82 reaction with 5,5’-dithio-2-nitrobenzoic acid (DTNB) in a broad concentra-
tion range (0.05 - 50.0 mM). The reaction proceeds in two steps. First the thi-
onitrobenzoic moiety is attached to one of the SH groups in a bimolecular
disulfide exchange reaction. The second step is either an intramolecular disul-
fide exchange leading to crosslinking or blocking the remaining SH group with
another bimolecular collision with DTNB. The ratio of the products is deter-
mined by urea-PAGE. We have found that in the absence of Ca2þ the reaction
is slow and leads to 100% disulfide crosslinked product even at the highest
DTNB concentrations. Addition of 1 mM CaCl2 causes a large (~150 fold) in-
crease in the rate of reaction, and surprisingly, at lower DTNB concentrations
the protein is still efficiently crosslinked, despite its open conformation. Only at
[DTNB]> 20 mM does rate of blocking the remaining Cys residue exceed that
of intramolecular crosslinking. These results suggest that the regulatory domain
of sTnC is very dynamic, a property that contributes to the rapid on-off switch-
ing of muscle contractile activity.609-Pos Board B409
Common Characteristics Found by Fitting Divergent Data from TNC
Mutations
Javier E. Hasbun, Nguyen Van Minh, Ryan S. Lee, Jonathan P. Davis,
Henry G. Zot.
A single point mutation of the TnC protein was seen to have complex effects on
the Ca-tension relationship of single muscle fibers (Lee et al., 2010, Am J Phys-
iol Cell Physiol. doi:10.1152/ajpcell.00491.2009). Compared with wild type,
three mutant TnC proteins, T70D, I60Q, and V43Q, all shifted the calcium sen-
sitivity of tension in a qualitatively predictable manner based on the affinities of
each mutant for calcium. However, a simple change in affinity can not explain
why the slopes of the tension responses differed significantly among the fibers
reconstituted with mutants and wild type TnC proteins. Similarly, the ktr data
were elevated at low calcium compared with wild type for only two of the three
mutants. We describe a refinement of our published model (Zot et al., 2009,
PLoS One. 4:e8052) that relates all of the physiological measurements to three
fundamental interactions, namely, calcium and TnC (affinity), TnC and TnI
(switch), and TnI and actin (coupling). From our model, altering affinity causes
a parallel shift in Ca-tension relationship, but the reduction in slope observed
for all mutants is explained partly or wholly by an impairment of the switch.
The elevated ktr is explained by a reduction in the coupling constant. The ex-
ponential shape of the ktr data, which is identical for fibers reconstituted with
mutant and wild type TnC, fits the cooperative mechanism of our published
model. As this mechanism is troponin-independent, we are intrigued by the re-
sponse of cooperatvity to the switch. Model specifications and supplementary
materials may be found online (www.westga.edu/STEMresearch). This work
was supported by NSF grant MCB-0508203 (HGZ).
610-Pos Board B410
Calmodulin Dependent Protein Kinase II (CaMKII) Interacts with and
Phosphorylates Cardiac Troponin and Tropomyosin
QIAN XU, Shannamar Dewey, Susan Nguyen, Aldrin Gomes.
Protein phosphorylation is a major regulatory mechanism for contractility and
rate of relaxation in the heart. The cAMP-dependent protein kinase A (PKA)
and the calmodulin-dependent protein kinase II (CaMKII) are well established
modulators of cardiac protein phosphorylation. PKA and CaMKII phosphory-
late a set of key regulatory proteins that control the excitation contraction cou-
pling cycle. CaMKII phosphorylation of cardiac MyBP-C at Ser282 increases
the number of myosin heads simultaneously attaching to actin, enhances the
maximum force development and decreases myofibrillar calcium sensitivity ac-
celerating relaxation. Immunoprecipitation of CaMKII delta (the predominant
CaMKII form in heart) from murine cardiac tissues showed troponin subunits
as potential interacting partners. Using mammalian two-hybrid system CaMKII
delta was found to weakly interact with cardiac troponin I and troponin T and
moderately with cardiac troponin C. CaMKII binds to and is activated by cal-
modulin (CaM). The tertiary structure of troponin C is similar to that of CaM
and it may be possible that troponin C is binding CaMKII in a similar manner to
how CaM binds CaMKII. CaMKII delta was also found to interact with alpha
tropomyosin suggesting that CaMKII could readily bind several proteins on the
thin filament. In vitro phosphorylation of recombinant cardiac troponin com-
plexes showed that CaMKII readily phosphorylates cardiac troponin T with lit-
tle phosphorylation of troponin I or C detected. Phosphorylation studies also
showed that tropomyosin can also be phosphorylated by CaMKII. These results
suggest that CaMKII can interact with several thin filament proteins but phos-
phorylates only a few of these proteins. Proteins which interact with but are not
phosphorylated by CaMKII may serve as anchoring proteins allowing the
CaMKII to phosphorylate other proteins nearby.
611-Pos Board B411
The Ca/Mg Sites of Troponin C CanModulate Crossbridge-Mediated Thin
Filament Activation in Rat Cardiac Myofibrils
Franklin Fuchs, Zenon Grabarek.
The discovery of cardiomyopathy-associated mutations in the C-terminal do-
main of cardiac troponin C (cTnC), along with other evidence, suggests that
the so-called structural Ca/Mg binding sites (III and IV) located in this domain
might have a more complex role in contractile regulation. To explore this pos-
sibility the ATPase activity of rat cardiac myofibrils was assayed under condi-
tions in which no Ca2þ was bound to the N-terminal regulatory site (site II).
Myosin S-1 was treated with N-ethylmaleimide to create strong-binding myo-
sin heads (NEMS-1) which could activate the cardiac thin filament in the
absence of Ca2þ. At pCa 8.0 and 1mM Mg2þ the addition of 1 mM NEMS-1
produced a 225% increase in myofibrillar ATPase activity. However, at pCa
8.0 and 30mM Mg2þ NEMS-1 produced a 69% increase in ATPase activity.
In another set of experiments myofibrils were immersed in 1 mM Mg2þ and
Ca2þ was varied in the range (pCa 8.0-6.5) in which it would bind only to
